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INTRODUCTION
The elimination of the present grade crossing of the 
I llin o is  Central R. R. at University Ave., would result in doing 
away with many objectionable features which have been a detriment 
to the Champaign and Urbana Railway, the I llin o is  Traction Inter- 
urban Ry., the Illin o is  Central R. R., and to tra ffic  on University 
Ave. T> 3 Champaign and Urbana electric street railway, connect­
ing the business districts of Champaign and Urbana, and the 
Danville, Champaign Interurban Ry. cross the Illin o is  Central on 
University Ave. At present the Illin o is  Central maintains gates, 
as a means of preventing accidents, but even with this precaution 
accidents have happened and w ill continue to happen as long as 
the present grade crossing exists. University Avenue is situated 
about midway between the Illin o is  Central passenger depot on the 
north, and the freight depot on the south, and as considerable 
switching is done in this vicinity and continues almost constant­
ly  during the day, the street is blocked much of the time. This 
delay most seriously affects the street railway, and from the 
fact that about 300 street cars and upwards of 3000 vehicles use 
the crossing daily and that these are sometimes delayed from five  
to ten minutes, it can readily be understood how such delays are 
objectionable. The street railway is compelled to send a con­
ductor ahead every time a car approaches the crossing to see i f  
the way is clear, and even though the crossing is not blocked, 
the delay can not be avoided for the above mentioned reason.
The city is affected by the delay from the fact that both ve-
2h ides and pedestrains are compelled to wait for passing trains; 
the fire  department also may at times suffer delays,
Illin o is  Central tra ffic  is sometimes delayed hy the 
fact that long freights have to he "cut" in order that tra ffic  
may not be delayed on University Avenue for more than five minutes. 
The Illin o is  Central also has to take extra precaution in running 
its trains over the crossing, and such precaution must neces­
sarily promote delays.
To avoid these delays and to insure the safety of the 
citizens of Champaign and Urbanay as well as Illin o is  Central 
passengers, and to also fac ilitate  tra ffic  on University Avenue 
some means must be devised to eliminate the present grade cross­
ing. A subway would be the most adequate means of solving these 
difficulties^since the city, the I llin o is  Central B. R.,and the 
Street Railway Co.,would a ll be benefited by such a subway. The 
object of this thesis is to design such a subway and to give an 
estimate of its cost.
3LEGAL PHASES OP SUBWAY
Safety of travel upon streets and railroads requires 
that where possible there should he a separation of grades. A 
city has not the authority to compel a railroad already construct 
ed to alter its  construction. . In I llin o is  the Board of Railroad 
and Warehouse Commissioners is invested with the necessary author­
ity to hear petitions relating to grade crossings. The petition,
accompanied by the exact condition of a ffa irs as to why the crossA
ing is dangerous, is carefully considered by these Commissioners. 
After an examination is made by the Board, it can compel the 
railroad to install a system of safety devices, such as gates, 
interlocking plants, etc. In case the petition involves an 
overhead crossing or a subway, the Railroad Commission can not 
compel a railroad to construct such a crossing. Their authority 
can only be exercised to the extent of ordering safety devices. 
Railroads generally obey the orders of the Railroad and Ware­
house Commissioners, and i f  this Board should strongly advise 
an overhead crossing or a subway, its advice would probably have 
much weight with the railroad, and the railroad would probably 
act accordingly.
Since the city has absolute control of the streets, the 
Commissioners can not compel it to build a subway. Therefore the 
only way that the subway may be secured is by the conjunction of 
City and Commission or by the joint consent of Railroad and City.
4DISPOSITION OF TRAFFIC
It is seen from Plate I that First Street South merges 
into University Avenue just west of the railroad tracks. Much 
cf the present tra ffic  crosses the tracks on this street. Unless 
this street were closed, a suhway under University Avenue would 
probably not be considered by the Illin o is  Central, as the con- 
struction of a subway under First Street South as well as Univer­
sity Avenue would at least double the expense, and would not be 
entirely necessary. Traffic on First Street South east of the 
tracks can be taken care of by using Water Street, the entrance 
to the subway being at the junction of Water Street and Univer- 
sity Avenue. However, a driveway from the freight depot to 
Market Street must be provided for. This is shown on Plate 4.
West of the Illin o is  Central tracks,Chestnut Street and 
Market Street must both be cut down to meet the approach to the 
subway. East of the tracks, Water Street must be cut down to 
meet the approach on the South side of University Avenue only.
Water Street is simply an alley and could be closed entirely
.
were it not for the fact that on the south side it must take care 
of the tra ffic  from First Street South. See Plate I.
It might seem objectior.al to cut, dcwn Chestnut StreetX»rL 0 r*© IS
as the cut here is about 14 feet,henceAan increased expense for 
excavation and for construction of retaining walls. However, 
from the fact that a large amount of tra ffic  at present uses
5Chestnut Street in coining to end from the depot, it w ill he ne­
cessary to keep this street open , otherwise tra ffic  would he 
compelled to go around on Main and Market Streets, which would 
not he at a ll practicable.
In order to maintain the present east siding and west 
siding, and to preserve the necessary 15 feet for clearance, the 
subway would have to he lengthened considerably. This would 
cause additional expense in excavation, retaining walls, and 
extra girders or other means of spanning University Avenue. The 
importance of these sidings would not warrant such additional 
expense, hence they w ill he made with dead ends with bumping 
posts at University Avenue.
6DESIGN
For convenience of handling the subject matter,the de­
sign w ill be apportioned in 5 parts as follows:-
Part I . -  A plat of the City in the vicinity of the 
crossing (see Plate I ) Also a profile of the Illin o is  Central 
B. R. tracks, a half mile either side of the crossing, and a 
profile of University Avenue, (Plates 2 and 3).
Part 2.- A general plan and profile of subway showing 
proposed changes, such as location of street car tracks, side­
walks, sewers, gas mains, etc.
Part 3.- Plan of abutment and location of retaining
walls.
Part 4.- A general plan of bridge superstructure with 
specifications.
Part 5.- Estimate of cost.
7PART ONE
The data for making the plat (Plate I)was obtained from 
the Illin o is  Central R. R. Co's., station plat of Champaign, and 
the city engineer's plat.
In running levels on University Avenue (see Plate 3), a 
system of stationing beginning at Second Street was used and a ll  
important plucses, such as property and curb lines were taken.
In this way the data of Plate I was checked in the fie ld .
It is seen from the profile of the Illin o is  Central 
tracks that the depot is already on a small summit with a grade 
of abonto. 15 per cent on either side. This grade is in a way 
beneficial inasmuch as it enables trains tc stop and start 
readily. Many long,heavy freights have occasion to stop at 
Champaign, and i f  the tracks were raised the grade would be in­
creased, and this increase of grade might prove objectional in 
starting these freights. This might make it necessary for the 
I llin o is  Central to cut down on their tonnage. In addition to 
this objection, raising the tracks would also mean the altering 
of the subway at Second South Street and at Washington Avenue, 
recently put in, and the raising of the passenger and freight 
depots.
8PART TWO
In designing the subway it  is necessary to consider the 
class of tra ffic  which is  to pass through it . The Champaign and 
Urbana Street Car Company^ cars can readily climb a 7 per cent 
grade. If  these were the only cars using the subway, approaches 
could start at Water Street West and Market Street East,and a 5 
per cent grade put in, using 13 l/2 feet overhead clearance. 
However, the heavy Interurban cars use these tracks, so provision 
must be made to construct the subway to take care of Interurban 
tra ffic . The large Interurban cars are 60 feet long, necessita­
ting a clearance of 15 feet overhead. The maximum load (including 
freight) hauled by the Interurban Company would require that a 
maximum grade of not over 4 per cent be used. It is seen from 
Plate I that at present, four tracks cross University Avenue. 
Plate 4 shows the proposed change whereby only three tracks cross 
the street. The present west track is the freight house siding, 
with head-block about 75 feet north of the north property line 
of University Avenue. This track can be eliminated over the 
street by having the head-block south of the south property line. 
This can be done easily and s t i ll  leave plenty of space to main­
tain a straight track in front of the freight house platform. 
Eliminating this track not only reduces the expense of the bridge; 
but it decreases the length of the approach to the subway, from 
the fact that the length of the subway under the bridge is cut 
down the width of the extra track.
9The width of the bridge proper is about 45 feet^with 14
between
feetAtrack centers, hence the level portion of the subway w ill be 
directly under the bridge and 45 feet long. Referring to the pro­
f i le  of the subway, Plate 4 , and to the profile of University 
Avenue, Plate 3, it is seen that the elevation of base of ra il 
is 729.0. Subtracting 15 feet for clearance plus 1.25 feet for 
depth of I-beams plus 0.5 feet for thickness of concrete slab 
plus 0.25 feet for ballast (see Part 4 for details of bridge), 
gives the elevation of the bottom of subway as 712.03, An addi­
tional depth of ballast amounting to 0.8 feet (the thickness of 
the tie ) will be added for a distance each side of abutments, 
making the elevation of the proposed base of ra il 729.8 feet.
The P. I .  of the vertical curves w ill come 30 feet 
either side of the above mentioned level portion. On the 
east side of subway at a point 425 feet from the P. I . ,  there is  
a. fa l l  of 729 ft.— 712 ft * 17 f t ., resulting in a 4 per cent 
grade. On the ?/est side of the subway at a point 395 ft. from 
the P. I . there is a fa l l  of 7.27.6 - 712 * 15.6 f t . ,  resulting
in a 4 per cent grade.
The cut at the intersection of Chestnut Street with 
the approach is 14 feet. Starting at Main Street at a distance 
of 350 feet fromAsubway and with a fa ll of 14 feet, Chestnut 
Street will, be cut down to a 4 per cent grade. Market Street on 
the south side w ill start 250 feet from the approach and w ill 
meet the approach on a 1 l/2 per cent grade. On the north, 
Market Street w ill start 200 feet from the approach and w ill
10
descend on a 3 per cent grade to meet the subway. On the south 
side Water Street w ill start to descend at First Street a distance 
of 150 feet with a fa l l  of 5 feet in 150 feet,giving a grade of 
3 per cent.
LOCATION OF STREET CAR TRACKS
The street car track w ill be single track through the 
subway, and w ill be located in the center of the street. The 
width of University Avenue is  64 feet. The distance,center to 
center of columns,is 14 feet, and the sidewalks are 8 feet wide. 
This leaves a net width of drive-way of 17 feet on each side 
of the track,( see Plate 51. The turnout of the siding east of 
the Illin o is  Central Ry. w ill be moved ahead and w ill be put 
in just east of First Street. The arrangement of tracks on the 
west is shown in Plate 4. The track through the subway contin­
ues down University Avenue. At the east line of Water Street a 
track branches on First Street South, the general direction 
being east and west. The plan is practically the same as the 
present system,(see Plate IX.
«
LOCATION OF SIDEWALKS
On the east side of the subway it w ill be necessary to 
keep the sidewalk at its present level up to the east property 
line of Oak Street for the reason that brick buildings are built 
close up to the property line. On the south side Water Street
11
is  cut down to meet the approach. In crossing Water Street nine 
steps with 6-inch risers w ill be used on the east side of Water 
Street and twelve similar steps on the west side, (see Plate 4}
At the east property line of Oak Street the walk drops 6 feet 
using twelve 6-inch steps. The height of the walk above the 
street in the subway is limited by the cut of the east line of 
Chestnut Street,which brings the walk 2 feet above the street.
Prom the east line of the abutment to the bottom step at Oak 
Street^a distance of 138 feet,the drop is 9 feet,giving a grade 
of 6.5 per cent. The walk runs level through the subway to the 
east line of Chestnut Street. Prom here the walk ascends at the 
same grade and the same elevation as the approach, up to the 
west property line of Market Street. Eight 6-inch steps brings the 
walk to the present street elevation. This is necessary from the 
fact that buildings abut close up to the property line. On the 
north side,Market Street is cut down to meet the approach, but 
on account of abutting buildings the walk w ill not be lowered.
On the Cast side twelve 6-inch steps w ill be used to reach the 
level of the approach, and on the east side eight 6-inch steps 
w ill be used.
ROADWAY AND DRAINAGE
Catch basins will be placed under both gutters at both 
end of the Subway, and these w ill be connected with a pump by a 
12-inch pipe. The arrangement is shown in Plate 5.
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The roadway w ill have a 6-inch crown, with a gutter along 
each side of the street. Paving brick w ill be used, laid with a 
2-inch sand cushion and having a 6-inch Portland cement concrete 
foundation, of the proportions 1:3:6. The bricks shall stand the 
tests of good paving brick.
The water and gas mains, at present in the center of the 
street, w ill be placed under the north sidewalk.
DRIVE-WAY PROM PREIGHT HOUSE
The drive-way w ill start at the point where Market 
Street begins to descend to meet the approach. It w ill be 212 
feet long and 15 feet wide. The land for this drive-way w ill 
have to be purchased from the owners.
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PART THREE
The general layout of the retaining walls is shown in 
Plate 4. On the north side of University Avenue?walls are neces­
sary on Market and Chestnut Streets*, since these are cut down to 
meet the subway. Walls are necessary on hcth sides of the abut­
ment up to the east property lines of Oak and Market Streets. 
Since the sidewalk from the beginning of the east approach up to 
the east line of Chestnut Street is at a different elevation from 
the subway, walls are necessary here. This is also the case from 
the beginning of the west approach to the west line of Market 
Street.
On the south side of University Avenue,walls are neces­
sary on Market Street and Water Street^since these are cut down. 
Walls are necessary on both sides of the abutment up to the east 
property line of Oak and Market Streets. Since the sidewalk from 
the beginning of the east approach to the east line of Chestnut 
Street is at a different elevation than the subway, with the ex­
ception of the Water Street crossing, walls are necessary here. 
Also from the beginning of the west approach to the west line of 
Market Street,walls are necessary.
A general section of the retaining wall is shown in 
Plate 4. This section is taken next to the abutment. The wall 
is amply large to resist overturning and sliding;and the base is  
large enough to give the required bearing area. The batter on 
the front of the wall is l/2" in 12"5 and on the back, 2 l/2" in
14
12". The proportion of concrete for walls, abutments,and piers 
will be 1:2:5, Portland cement being used.
ABUTMENTS
The plan and section of the abutments are shown in Plate 
5. They are built with a l/2" in 12" batter on the inside,and
with a 2" in 12" batter on the outside. The bridge seat is 5' -
9" wide with a 3" coping. The parapet wall is 2' - 6" high and
1* - 6" thick. The foundation is 10* - 6" wide and 3’ - 0" deep.
The live load carried by the bridge and the dead load due to the 
masonry are together 3.2 tons per square foot as computed. The 
bearing power of the soil is from 4 to 6 tons per square foot 
(c lay), hence the factor of safety is ample. The abutments are 
sufficiently large to withstand forces due to overturning and 
sliding.
PIERS
The plan and section of the piers are shown in Plate 5. 
The piers are 6' -  6" wide at the base and are made up of three 
footing courses,each 1' - 6" thick. The four end piers are 16* -  
1" long,and the two middle piers are 11' - 10" long. The width 
at the top is 2* -  6" (see computations under Columns.). The 
total load on the middle piers is 250 tons. The bearing area is 
76.59 sq.ft. This gives a load of 3.2 tons per square foot. Since
the hearing power of the soil is from 4 to 6 tons per square 
foot the factor cf safety is ample. The end piers support three 
columns and the middle piers two. Computations were made for 
the middle piers, however, since the end column of the end piers 
does not take the fu ll live load. Hence their hearing areas w ill 
he amply large.
REINFORCED CONCRETE SLAB
This slab is shown in plan and elevation in Plate 5.
It is 6” thick and the proportion of concrete is 1:2:4, Portland 
cement being used. The slab covers the entire mass of beam work., 
and projects 2* - 6" over the edge of the outside beam. The 
reinforcement consists of 98 - 5/8"-steel rods spaced 9" c. to c., 
making a total of 4116 linear feet, weighing 4390 pounds.
The following page is devoted to masonry computations.
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PART POUR 
DESIGN OP BRIDGE
Bethlehem girder-beams w ill be used to span the street.
A 6-inch reinforced Portland cement concrete slab of 1:2:4 pro­
portions w ill cover these beams?and upon this the roadway w ill be 
laid, using 3 inches of broken stone ballast and 9 x 7-inch ties. 
The plan and elevation of the bridge are shown in Plate 5. Three 
spans w ill be used," a twenty-nine-foot span at each end and a 
fifteen-foot span in the center. These distances are from center 
to center of bearings. The middle span is supported upon Bethle­
hem "H" columns. The columns are placed 14 feet center to 
center. There are sixteen of these columns, eight on each side 
of the street car track. They are placed under each ra il of the 
overhead tracks and at the edge of the concrete slab. Three-foot 
girders w ill run lengthwise of the street upon the tops of these 
columns. One end of the beams of the end spans w ill rest upon 
the bridge seat of the abutments?while the other end w ill be 
riveted to the web of the girders. Both ends of the beams of the 
middle span w ill be riveted to the girders.
The following four pages w ill be devoted to the design 
of the bridge. Cooper's Specifications for E-60 loading w ill be 
used.
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PART FIVE. 
EXT MATE OP COST
5800 cu. yds. of concrete at $6.00 per yd. $34800.00
174423 15s. of steel at $.03 per 15. 5230.00
9330 sq. yds. brick paving at $1.50 per sq. yd. 14000.00
18500 cu. yds,, excavation at $.40 per cu. yd. 7400.00
14600 sq. ft . concrete sidewalk at $.13 per sq. f t . 1900.00
1900 ft .  1 l/2" pipe for railing at $.12 per ft . 228.00
La5or placing 5ridge work 500.00
2 catch 5asins at $75.00 150.00
Pump and pump house 500.00
3456 ft . of piles for falsework at $.35 per ft . 1210.00
False work (pile 5ents, bolts, etc.) 500.00
Property for driveway from freight house 4000.00
Re-laying 2000' of gas and water main at $.60 per ft . 1200.00
$71618.00
Plus 5/£ engineering and superintendance 3581.00
Total cost $75199.00





